This paper concerns with detailed anatomy on the epicotyl of etiolated seedlings of Stizolobium hassjoo, which was already studied physiologically by They observed that a kind of callus (outgrowth) appeared on the cut surface, when the epicotyl 10-12 cm long was cut off at the position about 8 cm below the plumular hook. They reported that the callus arose from the cambium and its neighbouring tissue cells. It was also observed that no callus was formed from a cut surface at any position of the part between 0 and 1 cm below the plumular hook of an epicotyl, that is, the percentage of the plant from which the callus was formed increased toward the lower parts. Since this seems to be attributed to the difference in reactivity of the cutting position, anatomical studies on the various parts of the epicotyl are required to elucidate the mechanism of the callus formation in Stizolobium hassj oo.
In this study the epicotyls of etiolated seedlings are compared with those of normally-grown seedlings cultivated in the field, and we observe and discuss on differentiation of the cambium from the procambium. This anatomical analysis will serve as the basis of physiological and biochemical studies reported elsewhere by Komamine et a1. [1] [2] [3] [4] The anatomical study on the callus occurring on the cut surface of the epicotyl will be reported separately later on.
Material and Methods
The seeds of Stizolobium hassjoo were sowed in quartz sand without any nutrient and kept at 27-30° in the dark.
When epicotyls of etiolated seedlings with the plumular hook grew 10-12 cm long, the seedlings were killed and fixed in formalinacetic-alcohol.
The material and methods mentioned above are the same with those in the studies by Komamine et a1. [1] [2] [3] [4] For comparison, seeds were sowed in the experimental field and grown under normal light conditions. When epicotyls of normallygrown seedlings, which had erect shoots and two expanded green leaves, grew about 5 cm long, these were killed and fixed in formalin-acetic-alcohol.
The material was dehydrated by the tertiary-butyl alcohol method and imbedded in paraffin. Serial transections and longisections were cut at 10 p and stained with hematoxylin, safranin, and fast green.
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Results

Epicotyls of Etiolated Seedlings
At the growth stage of the plant used in this study the epicotyl straightly grows with a plumular hook on its tip, leaving two cotyledons in the sand. In this stage, about seven foliage primordia have already developed on the shoot, and two of these are apparently recognizable by the naked eye, although these are still folding (Fig.  1 ). The structure of the apical meristem is not examined in detail in this study. First of all, differentiation of the procambium in the shoot is examined as well as that of the primary vascular tissues from the procambium.
Differentiation
of the procambium and primary vascular tissues in the shoot.-There is no procambium and only a ring of the residual meristem is recognized at 100 p below the apex.
At 200 p below three procambia are first observed, and these are supplied to the primordium of the second-youngest leaf (the sixth leaf) and its stipules.
At 300 p below, a number of procambia further differentiate from the residual meristem.
As is shown in Fig. 2 , there including a transection of the primordium of the fourth leaf on the left side of the figure with its two stipules, the procambium supplied to the primordium of the fifth leaf is shown on the right in transection of the stem, and procambia supplied to its stipules are shown on the upper and lower. Differentiation of the sieve elements in a few procambia relating to the primordium of the fifth leaf is recognizable, and, moreover, tracheary elements are differentiating in one of these. The procambium in the stem always differentiates acropetally from the base of the stem in connection with the leaf primordium.
After the procambium differentiation, sieve elements of the protophlozm appear acropetally as a continuation of these on the lower level of the stem.
First appearance of tracheary elements (protoxylem) in the procambium, however, cannot be said to be continuous from the base of the stem. Probably first differentiation of the tracheary elements, which appear following the differentiation of sieve elements, may occur at the base of the leaf primordium.
These elements differentiate toward the leaf apex and may differentiate basipetally toward the base of the stem, connecting with lower tracheary elements.
After the appearance of the first tracheary elements, successive elements differentiate and, thus, the proto-and metaxylem elements begin to mature. Sequence of maturation of tracheary elements is clearly discontinuous, occurring first at the base of the leaf primordium.
Successive leaf primordia are observed between the apex and the level 1 mm below the apex, excepting the first and second leaves which are situated between 1 mm and 2 mm below the apex.
A number of procambia appear in these levels in connection with leaf primordia, followed by differentiation of sieve and tracheary elements.
In transection, the larger procambium and immature xylem become to show radial seriation of cells in more or less upper levels ( Fig. 3 ) and the smaller procambium and xylem also become to show the seriation in lower levels successively ( Fig. 4 ). Longisections of the shoot are shown in Figs. 13 and 14. The elongation of procambial cells is clearly observed by comparison of these two figures, though the sequence of differentiation of vascular elements can not be persued precisely in these figures.
Anatomy of the first internode.-At the level just below the first leaf, the metaxylem differentiation is clearly seen in larger bundles and large parenchymatous cells in the metaphloem appear at almost the same level ( Fig. 4) . Thus, all the elements of primary vascular tissues, that is, the protophloem, protoxylem, metaphloem, and metaxylem, appear in larger bundles. In smaller bundles, however, the metaxylem does not appear in this stage, although the metaphloem is already differentiated. The seriation of procambial cells and immature xylem cells, which is remarkable in ). Cells of the innermost layer of the cortex, however, remain relatively in small size and still show more or less denselystained cytoplasm suggesting the endodermal nature.
Just inside of this layer, there are a number of small cells in transection within the sector of the vascular bundle. These are numerous at the larger bundles and soon mature into bundle cap cells by lignification of cell walls in following stages.
There are phloem parenchymatous cells including very large ones and sieve tubes inside of the precursory cells of the Fig. 7 , 2.5 cm below). It could be certified by measuring the increment of each interval length of the epicotyl marked with ink that the elongation of cells almost ceases at these levels. At the level 2.5 cm below the plumular hook ( Figs. 7, 16 ), differentiating primary tissues are not recognized.
The seriation of procambial cells is not seen, but those cells are already vacuolated and become parenchymatous cells which are relatively smaller than the cells of the cortex or pith. Lignification of secondary walls of vessels as well as bundle cap cells becomes prominent at successively lower levels as shown in Figs. 8, 9 , etc. At the level 3.5 or 4.5 cm below the plumular hook, there occur again signs of the serration of cells between the xylem and phloem. Those cells are small parenchymatous cells, certainly derived from the lastly-vacuolated cells of the seriated procambium.
The levels 1.5, 2.5 cm, etc. below the plumular hook correspond to the median parts of Parts II, III, etc. named by Komamine et al.l-4>
It can be recognized that the fascicular cambium is differentiating at the level 4.5 cm below the plumular hook ( Figs. 9, 17 ). This is certainly derived from the seriated cells at the level 3.5 cm. Successively the cambial activity becomes apparent ( Fig. 10 ). Walls of interfascicular parenchymatous cells adjacent to the xylem as well as the bundle cap begin to lignif y at the level 4.5 or 5.5 cm ( Figs. 9, 10, 17) .
Activity of the f ascicular cambium, and lignification of walls of vessels, interfascicular parenchymatous cells and bundle cap cells become more prominent at successively lower levels. At the level 8.5 cm below the plumular hook ( Fig. 11) , fairly developed fascicular cambium can be observed, and at the lowest level (11.5 cm below the plumular hook-Figs. 12, 18), even the weakly differentiated interfascicular cambium can be recognizable.
Here are the markedly lignified walls of vessels, interfascicular parenchymatous cells, and bundle cap cells.
Epicotyls of Normally-grown Seedlings The epicotyl grows straightly without a plumular hook at the growth stage of the plant used in this study. The shoot has already initiated about seven foliage primordia, and two of these are unfolding and expanding. This stage is just after losing of the plumular hook.
We consider that this stage of the normally-grown plant is certainly comparable in various features to that stage of the etiolated one used in this study, although it is impossible to find the precise corresponding stage of growth between both the etiolated and normally-grown plants. In the earliest stage, developmental processes of the normally-grown plant are almost the same with those of the etiolated one, but the former shows slightly longer internodes than the latter.
In Fig. 19 (300 j below the apex), the base of the fifth leaf is shown on the right and the bases of its stipules are shown on the upper and lower sides. At the same level of the etiolated plant the base of the fifth leaf is already inconspicuous, because the fifth leaf is attached at the upper level (Fig.  2, 300 below the apex). Successive leaves are observed respectively at slightly lower levels than the case of the etiolated plant.
And the first and second leaves are between 1.5 and 2.5 mm below the apex.
In the case of the etiolated plant, these are between 1 and 2 mm below.
Sequences of differentiation of the procambium and the vascular elements seem to be intimately correlated with the leaf initiation as in the case of the etiolated plant. However, the developmental stage of the normally-grown plant at just lower level of the first leaf (2.5 mm below the apex- Fig.  20) is apparently more progressive than the case of the etiolated plant at the same level (2 mm below the apex- Fig. 4 ), as well as at the level 2.5 mm below the apex. The progressiveness is conspicuous in lignification of tracheary elements, differentiation of the metaxylem, enlargement of the large phloem parenchymatous cells, and the seriated appearance of the procambial cells. The stomata are already differentiated in this stage in the normally-grown plant.
At the lower levels, much more conspicuous differences are recognized between the normally-grown and etiolated plants. The level where the cells of the innermost layer of the cortex still show more or less densely-stained cytoplasm is 1.5 cm below the apex (Fig. 21) . This level seemss to correspond roughly to the levels 0.5 to 3.5 cm below the plumular hook of thee etiolated plant ( Figs. 5-8 ). However, in the normally-grown plant, the seriated appearance of the procambial cells remains and continues even in the lower level (Figs.. 21, 22) . In this level we cannot discriminate whether the seriated cells are procambial or cambial.
We can observe the active differentiation and development of the fascicular and interfascicular cambium in the successively lower levels (Figs. 23, 24 ,. 26). At 0.5, 1.5 or 2.5 cm below the apex, all the primary vascular elements are differentiated and lignified walls of the vascular and mechanical tissue cells progressively increase in their thickness (Figs. 21, 22, 25) . Thus, at the lowest level of the normally-grown plant, there are 3 concentric circles, that is, a prominent ring of lignified cells, consisting of the primary xylem and the interfascicular parenchymatous cells; a ring of the cambial zone ; and a ring of the markedly-lignified bundle cap and the interfascicular parenchymatous cells (Figs. 24, 26) . These rings in the etiolated plants are not so prominent as those in the normally-grown plants.
Discussion
In this The first appearance of the cambium has rarely been studied (cf. Philipson and Ward17'). Esau19' presented valuable illustrations for the classification into primary and secondary growth, in showing the radial seriation of cells in the procambium and the xylem and that in the cambium.
In the present study, the seriation of cells of the procambium and the primary xylem as well as that of the cambium has been observed, and in the case of etiolated seedlings we can recognize an apparent discontinuity between procambial and cambial activities. Komamine et al.2~ reported that the callus appears in a high rate on the cut surface of the etiolated epicotyl, if the cut position is lower than the level 4 cm below the plumular hook. This level corresponds to nearly that of cambium differentiation.
The results of our present study strongly suggest that, in etiolated seedlings, the callus does not appear on the cut surface at the level of declining or parenchymatized procambium, but appears at the level where the cambium is differentiating or already differentiated. Here, we present a diagram as a conclusion on the cambium differentiation so far as the present study concerns (Fig. 28) . In etiolated seedlings the plant grows through the stage of 5' in Fig. 28 , while it passes directly from stage of 5 to 6 in normally-grown seedlings.
It is possible to consider that overlapping activities of the procambium and cambium in normally-grown seedlings are separated by prolongation in etiolated ones.
Recently Komamine et al. (unpublished data) found that the callus also appears on the cut surface if normally-grown seedlings are removed into a dark room just after cutting of the epicotyl, and now they are pursuing the uppermost limit of the level in which a callus is able to appear on a cut surface.
Results of this study will show an interesting correlation to the discussion in the present study.
Summary
The epicotyl of etiolated seedlings of Stizolobium hassj oo was anatomically studied, and it was compared with that of normally-grown seedlings. This work serves as the basis of physiological and biochemical studies on the etiolated epicotyl, especially concerning of the callus formed on its cut surface, reported by Komamine at al. '-4) In both etiolated and normally-grown plants, the course of differentiation of the procambium in the shoot as well as that of phloem elements is acropetal in connection with the leaf development. The tracheary elements show discontinuous sequence in their differentiation.
The lignification of tracheary elements and bundle cap is more prominent in the normally-grown epicotyl than in the etiolated one. At the levels slightly below the plumular hook in the etiolated epicotyl, primary tissues of the stem are almost differentiated and the seriated cells of the procambium are parenchymatized.
The cambium begins to differentiate at the level 3.5 or 4.5 cm below the plumular hook. The procambial and cambial activities of the normallygrown epicotyl are continuously transformed from upper to lower levels. Problems on cambium differentiation were discussed in comparing the developmental processes of the etiolated epicotyl with those of the normally-grown one. It was certified that the callus does not appear on the cut surface of the etiolated epicotyl at the level, where the procambium is declining or parenchymatized, but appearing at the level where the cambium is differentiating or differentiated.
